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We discuss polarization characteristics of the deuteron dis- 
integration near the threshold energy. Due to the small rela- 
tive energy of the outgoing np pair, the dominant amplitude 
for this process is a 1 + — > + transition. Relativistic covari- 
ance requires only one electromagnetic transition form factor 
for this amplitude. Subsequently this leads to substantial 
simplifications in the formulas of the polarization observables 
and allows to draw conclusions independent of the details of 
the interaction. 

PACS: 21.45.+V, 25.30.Fj, 24.70,+s 



Electrodisintegration of the deuteron near the thresh- 
old energy 0,| is a rich source of information on the 
deuteron structure and the nucleon-nucleon interaction. 
Due to the small value of the relative energy of the 
np-pair (in the rest frame) and because of kinemati- 
cal reasons (backward electron scattering), it is possi- 
ble to suppose that the 1 5'o -component dominates the 
final state j|. Commonly, this reaction is described in 
a nonrelativistic framework with non-nucleon degrees of 
freedom (meson exchange currents A-isobars jjj, 

iV*-excitations 0) and relativistic corrections fflM to 
improve the agreement with experimental data. These 
corrections are important because the nonrelativistic im- 
pulse approximation has a zero in the double differential 
cross-section cP a / dE' e cKl' e at — q 2 ~ 40fm~ 2 which is not 
observed in the experimental data In turn this 

reaction is a strong support for non-nucleonic degrees of 
freedom and a good paradigm to study them. The re- 
sults of the calculations have shown a strong sensitivity 
to the nucleon electromagnetic form factors, the way me- 
son exchange currents are constructed, as well as the way 
N*- and A-states are included into the calculations. Rel- 
ativistic approaches to describe the electrodisintegration 
of deuterons near the threshold energy have also been 
developed, namely the light-front approach and the 
Bethe-Salpeter approach fll|| . 

The general form of the deuteron electrodisintegration 
amplitude Mfi utilizing the one photon approximation 
may be written in the following way: 



Mfi =ie 2 u(k' e ,s' e )~f ll u(k e ,Se) {np\j^\DM), 



(1) 



where u(k e ,s e ) denotes the free electron spinor with 4- 
momentum k e and spin s e , and q — k e — k' e is the 4- 
momentum transfer. The hadronic transition matrix ele- 
ment (np\j^\DM) is from the deuteron state \DM) with 
4-momentum K and total angular momentum projection 
A4 to the final np state with 4-momcntum P = K + q, 
where is the electromagnetic current operator. 

In the approximation, the covariant form of the 
matrix hadronic matrix element is due to a 1 + — > + 
transition. It depends on one scalar function only (be- 
cause of parity conservation), which is the electromag- 
netic transition form factor V(s,q 2 ). This form factor 
contains all the structure information, viz. the deuteron 
and np-pair wave functions. It is defined via 



(npCS )\j^\DM) = ie» aM Cm <f ^ V{s,q 2 ) 
= ^M Gua V(s,q 2 ), 



(2) 



where s — P 2 , and the deuteron polarization 4- vector £ M 
has been introduced. 

Note, that this particular simple form of the ampli- 
tude is only valid if the ^o-channel dominates the final 
state. In other words, the reaction is dominated by the 
Ml transition. The inclusion of other NN final channels 
(e.g. 3 Si— 3 Di, 1 Pi, . . .) would lead to more complicated 
expressions and to additional form factors in eq.(|2[). 

The purpose of the present letter is to give unique 
observables that enable us to check experimentally the 
assumptions that lead to eq. (j^) . Some polarization ob- 
servables turn out to be independent of the form factor 
V(s,q 2 ). This will be shown below. 

Using eq. (|l|) the differential cross-section may be ob- 
tained in the standard way, see ref . . Here it is useful 
to introduce leptonic and hadronic W^ v tensors. The 
differential cross section then reads: 



d 2 a 



\k'\ 



= 1—11 I Wf" 

dE' e dQ' e q* I fe e I ^ 



(3) 



with a = e 2 /4ir. The leptonic tensor is given by 
l^v = 2{k e ^k' el , + k'keu) + q 2 g^ + 2im e e^ a i3q a s^. (4) 
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The hadronic tensor W^u has the following form: 
W» v = (np( 1 SoW\DM)(DM\j^\np( 1 So)) 



(5) 



2E p (2n) 3 2E n {2nf 



Using the general form of the hadronic transition current 
eq.(@), the hadronic tensor may be written as 



= R G^ a Paf3 G wP V 2 (s, q 2 ), 
where R is a purely kinematical factor. It reads 

1 \P*\ 



R = 



IP I = A/I 



(6) 



(7) 



In eq. 

by 

Pa/3 



8ir 2 y/i' 

the density matrix p a p of the deuteron is given 



1, 



M 2 



1 



D 



hiiWxXpiWxzYp + {Wx 2 ) ap {W Xl f p ) (8) 



2, K Xl Kx 2 u K n K3 v 



-)R lAa , 



K 1 /M, Sn is the spin vector and 



where (Wa) q/3 = ie Q/37A 

is the alignment tensor of the deuteron. Using this 
explicit form of the density matrix, the hadronic tensor 
may be written as (the electron mass is neglected) 



y * [IV 



+(K„q v + q„K u )(Kq) 
-K, L K u q 2 - qfl q v M 2 ] V 2 (s,q 2 ), 

= \RM (s D q) te^ aP q a K$ V 2 {s, q 2 ), 



(9) 



= R 



-j[ e H\ 2 ap£\2Vi8 + £ f i\ 2 ai3£\ 1 uj8}K a K J q 13 q s 



+ ^(-.9A 1 A 2 + [g,M 2 M 2 - (Kq) 2 ) 

+ {K, t q v + q^K y ){Kq) - K^K u q 2 
-q»q„M 2 } p^] V 2 (s,q 2 ). 

The superscripts (u,v,t) denote unpolarized, vector po- 
larized and tensor polarized cases, respectively. 

With the general form of hadronic tensor W^ v eq. (||) 
it is straight forward to calculate asymmetries of the 
deuteron disintegration near threshold. First we consider 
the spin correlation of the incident particles, e.g. 



.4 



da(tD)-da(l,D) 
da{],D)+da{UDY 



(10) 



where da is the differential cross section, j (J.) denotes 
the helicity A e = +1(— 1) of the incoming electron and 
D the polarization state of the deuteron, which might 



be vector or tensor type. We assume the initial electron 
moving along the Z axis, and 9 e is the electron scattering 
angle. The scattering plane of the electron is in the XZ 
plane (see Fig. 0). Then the vectors k e and k' e obtain the 
following form: 



k e = {E e ,0,Q,E e ), 

k' e = (E' e ,-E' e sin6 e ,0,E' e cose e ). 



(11) 



First we consider the case of vector polarized 
deuterons. If the direction of the deuteron polarization 
is parallel to the Z-axis, then the correlation is given by 



3 (E + E'){E - E' cos 9 e ) 
2 K {E + E 1 ) 2 - 2EE' cos 2 9 e /2 ' 



(12) 



where k is the degree of polarization of the deuterons. 
Note, that the dependence on the form factor V(s,q 2 ) 
disappears. For the case of the backward scattering (6 e = 
180°) eq. (Ill) even simplifies to 



-4 1, 



2 K - 



(13) 



If the polarization of the deuteron is parallel to the X- 
axis, then 



A ± = - K 



(E + E')E' sin(9 e 



2 (E + E') 2 -2EE'cos 2 e /2' 



(14) 



These formulae may be generalized to arbitrary po- 
larization direction of the deuteron given by the angles 
($, ip), viz. 



A{d,y) = ~K{E + E') 

(E 1 sin 9 e sin d cos tp + (E — E') cos 9 e cos $) 
X (E + E') 2 - 2EE 1 cos 2 6 e /2 ' 



(15) 



Now, consider the case of tensor polarization of the 
inital target. If the initial deuteron is only aligned due 
to a Pdzz component, then the cross section reads 



da(p zz ) = da[l + A zz p Dzz ], 
4E 2 + AEL 2 

- 1 — ~ 



(16) 



4E e E' e cost 



3E' 2 cos29 e 



A(E e + E' e ) 2 - 2E e E' e cos 2 9 e /2 

where A zz is the tensor analyzing power. For the back- 
ward scattering the analyzing power is 



A, 



1. 



(17) 



As a last example consider the scattering of polar- 
ized initial electrons from unpolarized deuterons. Then 
the polarization transfer is maximal and the polariza- 
tion of the final electrons coincides with the polariza- 
tion of initial electron beam. Note, that the same holds 
for the scattering of electrons from a structureless target 
(Coloumb scattering). 
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We have shown that it is possible to obtain rather sim- 
ple expressions for the polarization observables in the re- 
actions e(d, np)e and e(d,np)e. These simple relations 
given in cqs. (fi^), ([hi]), and ( |l6| ) fully demonstrate the 
advantages of a covariant formalism and gives a positive 
answer to our initial question. In a nonrelativistic treat- 
ment usually utilized for disintegration at the threshold 
energy these relations are not so obvious. This is due to 
different corrections that have to be taken into account 
in the transition matrix elements. In fact, it is possible 
to check the assumption of the Sq dominance in the final 
channel experimentally. Any deviation of the structure 
independent values given above from the experimental 
data can only be due to other components in the final 
state. Besides the 1 5o dominance the relations are based 
on the general form of the transition amplitude, which 
is constructed using invariance principles only. It is im- 
portant to note that the form factor V(s,q 2 ) is a very 
complex function containing all the information of the 
TViV-interaction, electromagnetic properties of the nucle- 
ons, etc. Nontheless, this function vanishes in the final 
relations. 

On the other hand, if no accidental cancellations oc- 
cur between higher partial components, eqs.(p"^) and ( pjj ) 
may be used to calibrate the deuteron target, i.e. to de- 
termine the polarization degree of the deuteron target. 
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FIG. 1. Kinematical situation for ed — > enp in the labora- 
tory system. The electron momenta are in the XZ plane, the 
Y axis is directed to form a right handed system. 
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